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(57) ABSTRACT

An image sensing device may include an interconnect layer,
an image sensor IC coupled to the interconnect layer and
having an image sensing surface, and an IR filter aligned
with the image sensing surface opposite the interconnect
layer. The image sensing device may include a flexible
interconnect layer aligned with the interconnect layer and
having a flexible substrate extending laterally outwardly
from the interconnect layer, and electrically conductive
traces on the flexible substrate. The image sensing device
may also include solder bodies coupling the interconnect
layer and the flexible interconnect layer and also defining a
gap between the interconnect layer and the flexible inter-
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27/14685 24 Claims, 4 Drawing Sheets
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1
IMAGE SENSING DEVICE WITH
INTERCONNECT LAYER GAP

RELATED APPLICATION

This application is based upon prior filed copending
Application No. 201410537533.3 filed Oct. 11, 2014, the
entire subject matter of which is incorporated herein by
reference in its entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates to the field of electronic
devices, and, more particularly, to image sensors and related
methods.

BACKGROUND

Typically, electronic devices include one or more camera
modules for providing enhanced media functionality. For
example, the typical electronic device may utilize the cam-
era modules for photo capturing and video teleconferencing.
In the typical electronic device with multiple camera mod-
ules, the primary camera module has a high pixel density
and an adjustable focus lens system, while the secondary
camera module is front-facing and has a lower pixel density.
Also, the secondary camera module may have a fixed focus
lens system.

For example, U.S. Pat. No. 7,880,132 to Brodie et al,
assigned in part to the present application’s assignee, dis-
closes a camera module for a mobile device. The camera
module comprises a lens, a housing carrying the lens, and a
lens cap over the lens and housing. The camera module
includes a barrel mechanism for adjusting the lens. During
manufacture of an electronic device including one or more
camera modules, there is a desire to manufacture the elec-
tronic device as quickly as possible, particularly in mass
production runs.

The typical camera module is manufactured in a multi-
step process. The first steps include semiconductor process-
ing to provide the image sensor integrated circuit (IC). The
next steps include some form of testing for the image sensor
IC and packaging. The image sensor IC may be assembled
into the camera module, along with a lens and movable
barrel if needed. This assembly of the camera module may
be performed manually or via machine. For example, in
electronic devices that use surface mounted components, a
pick-and-place (PNP) machine may assemble the compo-
nents onto a printed circuit board (PCB). A drawback to such
singular packaging is that it may be relatively inefficient and
also may require that each device be tested individually,
adding to the manufacturing time.

Referring to FIG. 1, an approach to an image sensing
device 20 is shown. The image sensing device 20 includes
a flexible connector design that is desirable for mobile
applications. The image sensing device 20 illustratively
includes an interconnect layer 21, an image sensor IC 22 on
the interconnect layer, an adhesive layer 29 between the
image sensor IC and the interconnect layer, and a plurality
of bond wires 23a-23b coupling the image sensor IC to the
interconnect layer. Also, the image sensing device 20 illus-
tratively includes a lens module 27 over the interconnect
layer 21, and an adhesive layer 72 coupling the lens module
and the interconnect layer 21 together. The image sensing
device 20 illustratively includes an adhesive layer 25 on the
lens module 27, and an infrared (IR ) filter 26 on the adhesive
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layer. The image sensing device 20 illustratively includes a
flexible interconnect layer 30 comprising a connector 31
carried thereby.

SUMMARY

An image sensing device may include an interconnect
layer, an image sensor IC coupled to the interconnect layer
and having an image sensing surface, and an IR filter aligned
with the image sensing surface opposite the interconnect
layer. The image sensing device may include a flexible
interconnect layer aligned with the interconnect layer and
comprising a flexible substrate extending laterally outwardly
from the interconnect layer, and a plurality of electrically
conductive traces on the flexible substrate. The image sens-
ing device may further include a plurality of solder bodies
coupling the interconnect layer and the flexible interconnect
layer and also defining a gap between the interconnect layer
and the flexible interconnect layer.

More specifically, the flexible interconnect layer may
comprise a connector carried by the flexible substrate and
coupled to the plurality of electrically conductive traces. The
image sensing device may further include a lens assembly
aligned with the IR filter. The image sensing device may
further comprise an adhesive layer between the interconnect
layer and the lens assembly. Also, the image sensor IC may
comprise a semiconductor substrate, and a plurality of
electrically conductive bond pads adjacent the image sens-
ing surface.

In some embodiments, the image sensing device may
further comprise an electronic component carried by the
flexible interconnect layer. In other embodiments, the image
sensing device may further comprise an electronic compo-
nent carried internally by the interconnect layer.

Additionally, the interconnect layer may comprise a plu-
rality of electrically conductive traces therein, and a plurality
of electrically conductive contacts coupled respectively to
the plurality of electrically conductive traces. The image
sensing device may also include a plurality of bond wires
coupled between the plurality of electrically conductive
contacts of the interconnect layer and the image sensor IC.

Another aspect is directed to a method of making an
image sensing device. The method may include positioning
an image sensor IC coupled to an interconnect layer, the
image sensor IC having an image sensing surface opposite
the interconnect layer. The method may also include posi-
tioning an IR filter aligned with the image sensing surface,
and positioning a flexible interconnect layer aligned with the
interconnect layer. The flexible interconnect layer may
include a flexible substrate extending laterally outwardly
from the interconnect layer, and a plurality of electrically
conductive traces on the flexible substrate. The method may
include forming a plurality of solder bodies coupling the
interconnect layer and the flexible interconnect layer and
also defining a gap between the interconnect layer and the
flexible interconnect layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section view of an image sensing device,
according to the prior art.

FIG. 2 is a cross-section view of an image sensing device,
according to the present disclosure.

FIGS. 3-5 are cross-section views of steps in making the
image sensing device of FIG. 2.
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FIG. 6 is a cross-section view of another embodiment of
the flexible connector component, according to the present
disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the approach of FIG. 1, the flexible interconnect layer
30 and the interconnect layer 21 are manufactured in a single
process and purchased from a single vendor as a flexible
connector component. Notwithstanding the desirability of
the flexible connector component feature, the prior art
component is costly, which drives up end user prices for the
final product (e.g. cellular phones, tablet computing
devices). Moreover, the attachment process of the flexible
connector component may require expensive machinery and
need a mechanically strong module design to maintain
module performance and prevent drift.

The present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the disclosure are shown. These
embodiments may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the present disclosure to
those skilled in the art. Like numbers refer to like elements
throughout, and prime notation is used to indicate similar
elements in alternative embodiments.

Referring initially to FIG. 2, an image sensing device 100
according to the present disclosure is now described. The
image sensing device 100 illustratively includes an inter-
connect layer 101, an image sensor IC 130 coupled to the
interconnect layer and having an image sensing surface 103,
an adhesive layer 104 between the image sensor IC and the
interconnect layer, and an IR filter 118 adjacent and aligned
with the image sensing surface opposite the interconnect
layer. Also, the image sensor IC 130 illustratively includes
a semiconductor substrate 102, and a plurality of electrically
conductive bond pads 1194-1195 adjacent the image sensing
surface.

The interconnect layer 101 illustratively includes a sub-
strate 106, a plurality of electrically conductive traces 107
carried by the substrate, and first and second pluralities of
electrically conductive contacts 120a-1205, 1084-108¢ car-
ried by the substrate and coupled to the electrically conduc-
tive traces. The image sensing device 100 illustratively
includes a plurality of bond wires 1054-1056 coupled
between the plurality of electrically conductive contacts
120a-12056 of the interconnect layer and the image sensor IC
130.

The image sensing device 100 illustratively includes a
flexible interconnect layer 110 aligned with the interconnect
layer 101 opposite the image sensing surface 103. The
flexible interconnect layer 110 illustratively includes a flex-
ible substrate 112 extending laterally outwardly from the
interconnect layer 101, a plurality of electrically conductive
traces 111 on the flexible substrate, and a plurality of
electrically conductive contacts 122a-122¢ on the flexible
substrate and coupled to the electrically conductive traces.
The flexible interconnect layer 110 illustratively includes a
connector 113 carried by the flexible substrate 112 and
coupled to the plurality of electrically conductive traces 111.

The image sensing device 100 illustratively includes a
plurality of solder bodies 1094-109¢ coupling the intercon-
nect layer 101 and the flexible interconnect layer 110 and
also defining a gap 121 between the interconnect layer and
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the flexible interconnect layer. The gap 121 may have a
width in the range of 10-30 um. Helpfully, the gap 121
provides that the flexible interconnect layer 110 may flex
and bend over its entire length, even the portion attached to
the interconnect layer 101, providing a more reliable elec-
trical connection.

The image sensing device 100 illustratively includes a
lens assembly 131 adjacent the interconnect layer 101 and
aligned with the IR filter 118. The lens assembly 131
illustratively includes a housing 135, a lens barrel 115
carried by the housing, and a plurality of lenses 116a-1165
carried by the lens barrel. The image sensing device 100
illustratively includes an adhesive layer 132 between the
interconnect layer 101 and the lens assembly 131. Also, the
image sensing device 100 illustratively includes an adhesive
layer 117 between the housing 135 and the IR filter 118.

In the illustrated embodiment, the image sensing device
100 further comprises a surface mounted electronic compo-
nent 114 (e.g. a capacitor, a resistor, a processor) carried by
the flexible interconnect layer 110 and coupled to the
electrically conductive traces 111, and a solder body 109e
coupling the electronic component and the flexible intercon-
nect layer. The image sensing device 100 further comprises
a solder body 1094 between the connector 113 and the
flexible interconnect layer 110. In some embodiments, the
solder bodies 1094-109¢ may alternatively comprise solder
paste, conductive adhesive material, or conductive adhesive
film.

As will be appreciated, any of the above noted electrically
conductive components may comprise at least one of copper,
aluminum, gold, tin, and silver. This list is merely exemplary
and many other electrically conductive materials can be
used. Moreover, the substrates 106, 112 may comprise a
dielectric material.

Advantageously, the image sensing device 100 is manu-
factured with less cost. This is in contrast to the prefabri-
cated flexible connector component of the prior art (FIG. 1).
The associated method detailed herein for making the image
sensing device 100 uses easy surface mounting techniques,
which are standard, low cost, and robust, rather than the
complex machine driven approach of the prior art.

Another aspect is directed to a method of making an
image sensing device 100. The method may include posi-
tioning an image sensor IC 130 coupled to an interconnect
layer 101 and having an image sensing surface 103, and
positioning an IR filter 118 adjacent and aligned with the
image sensing surface opposite the interconnect layer. The
method may include positioning a flexible interconnect layer
110 aligned with the interconnect layer 101 opposite the
image sensing surface 103. The flexible interconnect layer
110 includes a flexible substrate 112 extending laterally
outwardly from the interconnect layer, and a plurality of
electrically conductive traces 111 on the flexible substrate.
The method may include forming a plurality of solder bodies
109a-109¢ coupling the interconnect layer 101 and the
flexible interconnect layer 110 and also defining a gap 121
between the flexible interconnect layer and the interconnect
layer.

Referring now additionally to FIGS. 3-5, an exemplary
embodiment of a method for making the image sensing
device 100 is now described. In FIG. 3, the flexible substrate
112 is prepared, and in FIG. 4, the plurality of solder bodies
109a-109¢ is formed on flexible substrate 112. For example,
the plurality of solder bodies 1094-109¢ may be formed
using reflow soldering process. In FIG. 5, the interconnect
layer 101, the electrical component 114, and the connector
113 are mounted on the flexible substrate 112. Subsequently,
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the image sensor IC 130, and the lens assembly 131 are
mounted onto the interconnect layer 101.

Referring now additionally to FIG. 6, another embodi-
ment of the image sensing device 100" is now described. In
this embodiment of the image sensing device 100', those
elements already discussed above with respect to FIGS. 2-5
are given prime notation and most require no further dis-
cussion herein. This embodiment differs from the previous
embodiment in that this image sensing device 100' further
comprises an electronic component 114' carried internally
(i.e. embedded within) by the interconnect layer 101'.

Many modifications and other embodiments of the present
disclosure will come to the mind of one skilled in the art
having the benefit of the teachings presented in the forego-
ing descriptions and the associated drawings. Therefore, it is
understood that the present disclosure is not to be limited to
the specific embodiments disclosed, and that modifications
and embodiments are intended to be included within the
scope of the appended claims.

That which is claimed is:

1. An image sensing device comprising:

an interconnect layer;

an image sensor integrated circuit (IC) coupled to said

interconnect layer and having an image sensing surface
opposite said interconnect layer;

an infrared (IR) filter aligned with the image sensing

surface;

a lens assembly aligned with said IR filter;

a flexible interconnect layer aligned with said intercon-

nect layer and comprising

a flexible substrate extending laterally outwardly from
said interconnect layer and configured to bend freely
in a direction transverse to said interconnect layer,

a plurality of electrically conductive traces on said
flexible substrate, and

a connector carried by said flexible substrate, spaced
apart from said interconnect layer, and coupled to
said plurality of electrically conductive traces; and

a plurality of solder bodies coupling said interconnect

layer and said flexible interconnect layer and also
defining a gap between said interconnect layer and said
flexible interconnect layer.

2. The image sensing device of claim 1 further comprising
an adhesive layer between said interconnect layer and said
lens assembly.

3. The image sensing device of claim 1 wherein said
image sensor IC comprises a semiconductor substrate, and a
plurality of electrically conductive bond pads adjacent the
image sensing surface.

4. The image sensing device of claim 1 further comprising
an electronic component carried by said flexible intercon-
nect layer.

5. The image sensing device of claim 1 further comprising
an electronic component carried internally by said intercon-
nect layer.

6. The image sensing device of claim 1 wherein said
interconnect layer comprises a plurality of electrically con-
ductive traces therein, and a plurality of electrically con-
ductive contacts coupled respectively to said plurality of
electrically conductive traces of said interconnect layer.

7. The image sensing device of claim 1 wherein the gap
has a width in a range of 10-30 um.

8. The image sensing device of claim 1 wherein said
flexible substrate bends along an entire length thereof.

9. An image sensing device comprising:

an interconnect layer;
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an image sensor integrated circuit (IC) coupled to said
interconnect layer and having an image sensing surface
opposite said interconnect layer;

an infrared (IR) filter aligned with the image sensing

surface;

a flexible interconnect layer aligned with said intercon-

nect layer and comprising

a flexible substrate extending laterally outwardly from
said interconnect layer and configured to bend freely
in a direction transverse to said interconnect layer,
and

a plurality of electrically conductive traces on said
flexible substrate; and

a plurality of solder bodies coupling said interconnect

layer and said flexible interconnect layer and also
defining a gap between said interconnect layer and said
flexible interconnect layer;

said flexible interconnect layer configured to bend within

the gap.

10. The image sensing device of claim 9 wherein said
flexible interconnect layer comprises a connector carried by
said flexible substrate and coupled to said plurality of
electrically conductive traces.

11. The image sensing device of claim 9 further compris-
ing a lens assembly aligned with said IR filter.

12. The image sensing device of claim 11 further com-
prising an adhesive layer between said interconnect layer
and said lens assembly.

13. The image sensing device of claim 9 wherein said
image sensor IC comprises a semiconductor substrate, and a
plurality of electrically conductive bond pads adjacent the
image sensing surface.

14. The image sensing device of claim 9 further compris-
ing an electronic component carried by said flexible inter-
connect layer.

15. The image sensing device of claim 9 further compris-
ing an electronic component carried internally by said
interconnect layer.

16. The image sensing device of claim 9 wherein the gap
has a width in a range of 10-30 um.

17. The image sensing device of claim 9 wherein said
flexible substrate bends along an entire length thereof.

18. An image sensing device comprising:

an interconnect layer comprising a plurality of electrically

conductive traces therein, and a plurality of electrically
conductive contacts coupled respectively to said plu-
rality of electrically conductive traces of said intercon-
nect layer;

an image sensor integrated circuit (IC) coupled to said

interconnect layer and having an image sensing surface
opposite said interconnect layer;

an infrared (IR) filter aligned with the image sensing

surface;

a flexible interconnect layer aligned with said intercon-

nect layer and comprising

a flexible substrate extending laterally outwardly from
said interconnect layer and configured to bend freely
in a direction transverse to said interconnect layer,
and

a plurality of electrically conductive traces on said
flexible substrate; and

a plurality of solder bodies coupling said interconnect

layer and said flexible interconnect layer and also
defining a gap between said interconnect layer and said
flexible interconnect layer;

said flexible interconnect layer configured to bend within

the gap.
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19. The image sensing device of claim 18 further com-
prising a plurality of bond wires coupled between said
plurality of electrically conductive contacts of said intercon-
nect layer and said image sensor IC.

20. The image sensing device of claim 18 wherein the gap 5
has a width in a range of 10-30 um.

21. The image sensing device of claim 18 wherein said
flexible substrate bends along an entire length thereof.

22. The image sensing device of claim 18 wherein said
flexible interconnect layer comprises a connector carried by 10
said flexible substrate and coupled to said plurality of
electrically conductive traces of said flexible interconnect
layer.

23. The image sensing device of claim 18 further com-
prising a lens assembly aligned with said IR filter. 15
24. The image sensing device of claim 23 further com-
prising an adhesive layer between said interconnect layer

and said lens assembly.
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